The semiempirical PM3 method has been used to study possible reaction paths of the condensation of 3-formylchromones with amides and triazoles. Optimal geometries of intermediates 7, products 8 and all other putative reaction intermediates were obtained. Pertinent transition states, TS I for the dehydratation to carbocation 13, and TS II for amidoalkylation, were located. The semiempirical PM3 method was also used for the calculation of the heats of formation and optimal structures of 4-chromanones 10 and 4-chromones 11. Several compounds of these types have been prepared. Their structures were proved by elemental analysis and 1 H-NMR spectra.
Introduction
The synthetic and pharmaceutical importance of chromones and chromanones prompted us to synthesize and to study theoretically N- [1-(1, 2, 4-triazolyl)-3-chromonylmethyl] amides or N- [1-(1, 2, 3-benzotriazolyl)-3-chromonylmethyl] amides, respectively, and 2,3-disubstituted-4-chromanones. Chromones possessing a formyl group in the 3-position are useful synthones for the synthesis of a wide variety of heterocycles [1] . The synthetic significance and pharmaceutical activity of the O-C = C-C = O moiety as the main structural feature of 3-formylchromone derivatives have led to a great interest in these compounds.
For instance, chromone-3-carboxaldehydes are very interesting from a synthetic and theoretical point of view because these compounds contain three electron-deficient positions (C-2, C-4 and the carbon atom of the formyl group) where nucleophilic attack is possible. A well known feature of chromone derivative reactions is the facile ringopening via nucleophilic attack at the 2-position ever, not every interaction of position C-2 with nucleophiles leads to γ-pyrone ring-opening. The presence of certain substituents at position 3, especially those which are in conjugation with the C2-C3 double bond, change the reactivity of chromone system towards nucleophiles leading to a preference for nucleophilic addition [3] to the double bond. We recently reported similar behaviour of 3-formylchromone with aromatic amino acids in alcoholic reaction medium [4] . Our recent investigations were focused on spectral and theoretical (AM1) [5, 6] , synthetic [4, 7, 8] and biological [4, 8] studies of 3-formylchromones derivatives. We now report the synthesis, as well as the results of semiempirical PM3 calculations of several types of chromanone and chromone derivatives. It is known that the amide group is an important constituent of many biologically significant compounds and amidoalkylation has found versatile application in organic synthesis as a valuable alternative to, or extension of, the Mannich reaction [9] [10] [11] . The reaction path of the Mannich reaction (Scheme 1) has been well investigated [12] . The reaction consist of the condensation of a substrate (R-H) possessing at least one active hydrogen with formaldehyde (or other aldehydes [13] ) and a primary or secondary amine (or amide [9] ). The condensation occurs in two steps: first, the amine reacts with formaldehyde to give condensation product 1-2-3 (step A), which then attacks the substrate R-H (step B). The reaction does not normally follow the other possible route (steps C and D); however, some successful reaction between hydroxymethyl derivatives 5 and alkylamines to give Mannich base 4 can take place. If the nucleophilicity of the carbanion derived from the labile hydrogen compound is greater than that of amine, formation of a hydroxymethyl derivative 5 would be favoured over formation of derivative 1.
Results and discussion
Recent work in our laboratory has proved that the Mannich type reaction is a very suitable method for the preparation of chromone derivatives containing various amide moieties 8 [14] . Our investigations led to a novel extension of the utilisation of 3-formylchromones 6 in Mannich type reaction with two base components, 1H-1,2,4-triazole or 1H-1,2,3-benzotriazole, respectively, and with amides as H-active components (Scheme 2). We found the reaction is general at least for 4-oxo-4H-[1]benzopyran-3-carboxaldehydes and primary amides because there were used aliphatic, aromatic and heterocyclic amides. We were able to isolate Mannich type reaction intermediates 7. The products 8 of the Mannich reaction as well as these compounds could be stored in capped vials for months without any decomposition.
We have shown that N- [1-(1,2,4-triazolyl) -3-(6-Rchromonyl)methyl]amides 8 and N- [1-(1,2,3-benzotriazolyl) -3-(6-R-chromonyl)methyl]amides 8 readily react with nucleophiles under mild conditions (Scheme 3) to form chromane derivatives of enamide type 10 as stable products in 50-75% yields [14] . The formation of 2,3-disubstituted-4-chromanones 10 can be explained via attack of nucleophile at the 2-position of the chromone ring of 8 followed by a double bond shift and elimination of 1H-1,2,4-triazole or 1H-1,2,3-benzotriazole as the final step 
